During a period of I I /2 months, 41 of 217 adult burn patients admitted to the U.S. Army Institute of Surgical Research Burn Center required endotracheal intubation or tracheostomy for management of the airway and/or ventilatory assistance. Permanent upper airway sequelae were recorded and related to presence of inhalation injury, duration of tube placement, cuff pressure, and pulmonary compliance. An "inhalation injury scoring system" based upon history, physical examination, bronchoscopic findings, and abnormalities at '33xenon lung scan correlated well with postinjury alteration in compliance and subsequent sequelae. Significant inhalation injury was found in 35 patients. Seventeen of the study patients survived (Group I) and 24 patients expired (Group II). Group I patients were screened for permanent airway sequelae by fiberoptic bronchoscopy, xeroradiograms, and spirometry undertaken an average of 11 weeks after extubation or decannulation. Four patients developed tracheal stenosis and five patients had significant tracheal scar granuloma formation. Sequelae were generally more frequent and more severe after tracheostomy than after translaryngeal intubation, and duration of tube placement and presence of a tracheal stoma were the most important etiological factors in permanent damage. For Flow-volume loops were recorded for each patient. In nonsurvivors (Group II), autopsy was performed in 12 of 24 patients (50%).
Results
Seventeen (41%) of the study patients survived (Group I) and 24 (59%) expired (Group II). Values for age, burn size, duration of hospitalization, and resuscitation fluid volume given during the first 24 hours postburn are presented in Table 1 for both groups. Group I had an overall lower age, smaller bum size, and longer stay in the hospital. All patients in Group I were male.
Of the 41 study patients, 35 were considered to have inhalation injury and received "inhalation injury scores" from 1 to 4 (Table 2) . No patient received a score of 0, but in six cases (15%) the diagnosis was uncertain with scores from 0.5 to 1.0. Of these six patients, three patients in Group I were intubated because of laryngeal edema. The course of one of these patients, who had an epiglottitis (Haemophilus influenzae), is presented in the discussion. The three cases in Group II with low scores were all intubated several days postbum because of severe pneumonia.
Data concerning the types of tubes used, as well as duration of intubation/tracheostomy and duration on IPPV, are presented in Table 3 . Most patients were intubated on the first or second postburn day. Nearly half the patients in each group had a nasotracheal tube placed for the entire period during which they needed ventilatory support (2 to 28 days). With one exception, all tracheostomies were performed after a period of translaryngeal intubation. In one patient in Group II, tracheostomy was placed for initial access to his obstructed airway. All patients in both groups required mechanical ventilation, the duration of which ranged from two to 160 days (Table 3) .
When on the ventilator, all patients' peak airway pressures were recorded. Results of the gross estimation of pulmonary compliance (and airway resistance) are presented in Table 4 pulmonary congestion/edema, pneumonia, and atelectasis in Group II. No correspondence was found between the degree of compliance reduction and the incidence of tracheal stenosis.
The results of the follow-up investigations in Group I (survivors) are listed in Table 5 . The mean interval between extubation or decannulation and the follow-up study was 78 days (range 20-150). Fiberoptic bronchoscopy was done in 16 patients (one patient declined the procedure), xeroradiograms in 14 patients, and spirograms in 13 patients. Three patients with normal findings on bronchoscopy did not receive xeroradiograms. Flowvolume loops were recorded and FVC and FEF25-75% calculated in 13 cases. The findings using these three main follow-up investigations are listed separately for patients in whom tracheostomy was performed and for those treated with translaryngeal tubes in Table 6 . Table 7 correlates the duration of tube placement with the incidence of documented airway sequelae (i.e., positive findings on bronchoscopy and/or xeroradiograms) in patients who survived. The incidence of sequelae was higher among the patients with more than three weeks duration of tube placement.
Respiratory nor bronchoscopy/esophagoscopy could verify this diagnosis. In one case (nonsurvivor), there were major management problems related to recurrent dislogdement of the tracheostomy tube, but such did not contribute to the death of the patient.
The effects of nasotracheal tubes on the nasal mucosa and septum were not specifically recorded, but in no case was such injury of clinical significance. No episode of abnormal bleeding caused by the artificial airway was noted in either of the groups.
As expected, pneumothorax was more common in the nonsurvivor group (10 patients) than in the survivor group (3 patients). Nine of the 13 cases complicated by pneumothorax occurred in patients with tracheostomy. Empyema developed secondary to pneumothorax in three cases. In three other patients, pneumothorax was considered to be a significant cause of death-tension pneumothorax in two cases and bilateral pneumothorax in one.
Bacteriological samples of tracheal secretions were taken when indicated. Except for the tendency to find gram positive bacteria early (first and second week) and We found a significant correlation between long duration (more than 21 days) of tube placement and development of airway sequelae ( Table 7) . As pointed out before, the translaryngeal and the tracheostomy groups in this study are not fully comparable and, in general, the patients with tracheostomies were intubated for a longer period of time, an average of 49 vs. 10 days (Table 3 ). Other authors have reported similar findings which, in part, may be related to a greater reluctance to wean patients with tracheostomies from ventilatory support as compared to patients with translaryngeal tubes.5 In our material the difference in the frequency of airway sequelae between the tracheostomy and the translaryngeally intubated patients appears to be related to duration of intubation ( Table 7) . The fact that translaryngeal intubation preceded tracheostomy in all but one patient, in whom tracheostomy was performed for initial airway access, confounds assessment of any specific effect of the method of airway intubation but emphasizes the importance of duration of intubation. In these study patients, airway sequelae were less frequent in those in whom a translaryngeal tube was in place for less than 10 days as compared to those in whom intubation exceeded 21 days, i.e., those in whom tracheostomy followed translaryngeal intubation. Follow-up examina- tion to identify late sequelae and assess the anatomic status of the airway, therefore, should be carried out in all patients requiring airway intubation for more than 3 weeks.
The "inhalation injury scores" were significantly correlated with the reduction in pulmonary compliance (Fig. 1 ). Kendall's correlation coefficient for both groups (n = 41) was r = 0.3864 (p = 0.001), for Group I (n = 17) r = 0.5112 (p = 0.006), and for Group II (n = 24) r = 0.3796 (p = 0.018). When the "inhalation injury score" in Group I patients was compared to the degree of permanent tracheal damage as judged by bronchoscopy (Fig. 2) , good correlation between high scores and tracheal pathology was found except for two cases. One patient had a'low score (1.0) but developed severe stenosis. This patient developed Hemophilus influenzae epiglottitis as a possible contributory cause of stenosis (Fig. 3) . The other patient had a high "inhalation injury score" (4.0), but extubated himself accidentally after only 2 days when he was still on the ventilator. He did surprisingly well, being able to breathe spontaneously Although the grading of each variable comprising the inhalation injury score is in part based on what can only be considered subjective clinical assessment, the good correlation of that score with reduction in compliance, severity of tracheal injury, and subsequent sequelae is encouraging. Further studies will be necessary to verify the accuracy, reliability, and clinical usefulness of this scoring system.
Fiberoptic bronchoscopy was the most useful followup investigation in Group I (survivors), as it seemed sensitive enough to document all sequelae of clinical importance. The xeroradiograms were not sufficiently sensitive to identify minor yet symptomatic sequelae. Although xeroradiograms deliver a relatively high radiation dose to the patient,'7 they may be useful in quantifying the degree of stenosis that is relatively difficult to assess accurately by bronchoscopy. A reduction of the transverse air column diameter of the trachea greater than ten per cent in a distinct short segment has been proposed as a definition for tracheal stenosis by Stauffer et al. ' Five cases in the survivor group were of particular interest. One patient developed such severe tracheal stenosis that dilatation was required two times before the patient was discharged. In this case, the stenosis was detected both by bronchoscopy and by xerograms (Fig.  4) . This patient had actual third degree burns to the soft palate and epiglottis. The four other patients illustrate the limitations of xeroradiography. In one case, the xerograms were completely negative, but a severe weblike stenosis at the tracheostoma level was confirmed by bronchoscopy (Fig. 3) . In this patient a complication of epiglottitis (Hemophilus influenzae) may have contributed to the subsequent stenosis. To detect such a weblike stenosis, tomographic xeroradiography might be helpful. '8 In the third patient, several small granulomas on the anterior wall of trachea were detected by bronchoscopy (Fig. 5) (Table 8 ). The location of mucosal injury corresponded to the area of contact with the tracheal tube and particularly the cuff. The more frequent finding of severe tracheal destruction in the translaryngeally intubated patients may be explained by the severity of the inhalation injury in these patients, as all patients in Group II with translaryngeal tubes expired relatively early postburn with the tube in situ.
On the basis of both the clinical and autopsy findings in this study, it appears that duration of intubation is the predominant factor influencing development of late airway sequelae, with route of intubation exerting no discernible effect. The ease of translaryngeal intubation and the early complications associated with tracheostomy make the former means of intubation the route of choice for initial airway access. Tracheostomy is subsequently performed to reduce nasopharyngeal and laryngeal trauma and the risk of sinusitis22 and to facilitate lower airway toilet in those patients in whom airway intubation will be required for more than 3 weeks.
Although they are easier to insert, nasotracheal tubes are usually considered to be more difficult to manage than tracheostomy tubes, especially in terms of adequate suctioning of the airways. In adult patients, our experience is that as long as the nasotracheal tube is not smaller than size 8 (the most common size used in this study was 8), we had no problem with suctioning. In this respect, even tubes of size 7 rarely were problematic. The fiberoptic bronchoscope can be passed easily through a number 8 tube (with certain precautions) when necessary for examination or toilet of the lower airway. On the other hand, we did have major difficulties managing the tracheostomy tube in one patient. BeCause of tracheomalacia, we finally had to pass a tube meant for nasotracheal use through the stoma to achieve an adequate airway seal.
Conclusions
An inhalation injury score based on history, physical examination, bronchoscopic examination, and scintiphotographic findings correlates well with severity of airway injury and the subsequent occurrence of tracheal sequelae. On the basis of this study, we favor the use of nasotracheal tubes for initial airway intubation to avoid the early complications of tracheostomy in any burn patient requiring intubation. The incidence of late complications is directly related to duration of intubation which should be kept to a minimum regardless of the means of intubation. Follow-up fiberoptic bronchoscopy to document any airway injury/sequelae should be applied routinely to all patients in whom the duration of intubation exceeds 10 days. Xeroradiograms may provide additional information about the degree of tracheal stenosis. Although somewhat insensitive, spirometry, including assessment of flow volume loops, may be useful as a noninvasive screening method to identify patients with significant airway narrowing.
